Among the key barriers to commercial scale deployment is the cost associated with CO 2 capture. This is particularly true for existing large, fossil-fired assets that account for a large fraction of the electricity generation fleet in developed nations, including the U.S. Fitting conventional combustion technologies with CO 2 capture systems can carry an energy penalty of thirty percent or more, resulting in an increased price of power to the grid, as well as an overall decrease in net plant output. Taken together with the positive growth in demand for electricity, this implies a need for accelerated capital build-out in the power generation markets to accommodate both demand growth and decreased output at retrofitted plants. In this paper, the authors present the results of a study to assess the potential to use geothermal energy to provide boiler feedwater preheating, capturing efficiency improvements designed to offset the losses associated with CO 2 capture. Using the North Valmy power plant, a coal-fired facility located in Nevada, USA, the authors evaluated multiple system configurations using several potential geothermal resource cases based on existing data at the site (e.g., Figure 1 ). These included geothermally assisted MEA capture, CO 2 BOLs capture, and stand-alone hybrid power generation, compared with a baseline, no-geothermal case. 
Figure 1. ASPEN PLUS model fo the DOE Case 9 subcritical steam cycle with geothermal feed water preheating
Geothermal resource potential was estimated for the North Valmy site based on existing literature for the Hot Pot site (located about two miles from the Valmy plant site) and flow rates taken from the Beowawe geothermal project, which produces from the same reservoir (Valmy formation) of interest at the Hot Pot site. Based on an estimated geothermal resource temperature of 125 ˚C -considered low-grade heat because it falls below the 150 ˚C temperatures typically needed to generate power via organic rankine cycle technology -integration of geothermal fluids to provide boiler feedwater preheating duty at the North Valmy plant could enable a 10-MW increase to the 520 MW net power generation from the plant. Alternatively, the same geothermal energy could increase the cycle efficiency by 1% (26 to 27%) for a 550 MW monoethanolamine (MEA) based carbon capture or up to 6% for an advanced (CO 2 BOLs) carbon capture plant and a four-fold increase in the geothermal flow rate (26 to 32%).
While low-temperature geothermal resources are of broader interest in the U.S., where higher-grade resources are typically limited, the possibility of using this hybrid approach with 150 ºC geothermal could result in a 19 MW capacity increase for the configuration studied at North Valmy. Using 2.7 MMlb/h of geothermally sourced water, the parasitic power load associated with MEA capture could be offset by roughly seven percent, resulting in a small (~1 percent) overall loss to net power generation, but at levelized costs of electricity similar to the no-geothermal CCS case. For the CO 2 BOLs case, the availability of 150 ˚C geothermal fluid could allow the facility to not only offset the net power decrease associated with CO 2 BOLs capture alone, but could increase nameplate capacity by two percent. The geothermally coupled CO 2 BOLs case also decreases LCOE by 0.75 ¢/kWh relative to the non-hybrid CO 2 BOLs case, with the improved performance over the MEA case driven by the lower regeneration temperature and associated duty for CO 2 BOLs relative to MEA (Figure 2) . While its proximity to a known hydrothermal system (hot springs) makes the North Valmy power station relatively rare among U.S. coal-fired power plants, the potential geographical match between existing fossil-and/or biomass-fired generation assets and low-grade geothermal resources may offer opportunities to implement geothermal hybrid approaches to address process-specific heat needs including those associated with CO 2 capture, improve overall plant efficiency, and increase utilization of renewable, zero-emission geothermal resources. The marginal increases in the cost of power, under the conditions assumed in this study, are quite small, on the order of only a few percent in most cases. In the longer view, as greenhouse gas emissions become more heavily regulated in the United States and abroad, capacity increases to conventional fossil-fired power generation that can be effected via renewable hybridization, without a significant net increase to CO 2 emissions, could be increasingly attractive, particularly in the presence of policies that incentivize CO 2 capture and geologic storage. As the U.S. replaces and upgrades its current generation fleet, the potential for co-application of geothermal energy for efficiency and new fossilor biomass-fired generation could allow for purpose-sited facilities designed to leverage geothermal resources.
